Abstract. Two 900-year records of annual accumulation at South Pole are compared to evaluate the origin and significance of observed variations. Despite difficulties establishing absolute timescales, due to problems identifying annual layer markers, the two records can be correlated with confidence after moderate smoothing. This correlation shows that over the time period considered (1050-1956 A.D.) no climatically significant changes in accumulation occurred. Instead, fluctuations preserved in the two cores reflect spatial variations in snow accumulation, associated with nonuniform deposition induced by surface relief on the scale of several kilometers.
Introduction
A much debated issue is whether human activities are perturbing the global climate system and whether 20th century climate trends fall outside the natural range of past variability. Addressing these questions requires long paleoclimate records that are spatially and temporally representative of the area of interest. Instrumental records of air temperature and precipitation typically date back a few hundred years to the late seventeenth century [e.g., Van den Dool et al., 1978] . Using ancillary written records, such as wine harvest dates in Western Europe [Le Roy Ladurie and Baulant, 1980], local climate histories can be extended back a few hundred years more, to the Middle Ages. However, longer records exist only for few places, mostly in western Europe, and for most of the Earth, instrumental records are absent or span only a short time period. In data sparse regions, knowledge of climate history comes from proxy records such as those from tree rings, corals, laminated lake and ocean sediments and ice cores, and direct inversion of borehole temperatures.
Ice cores have been used to derive detailed records of past temperature, CO 2, and other atmospheric constituents [e.g., Jouzel et al., 1987; Barnola et al., 1987] . Some of these records extend back several glacial cycles [Petit et al., 1997] . In reality, interpretation of climate records from ice cores is not straightforward, as the measured signal is a convolution of both large-scale and small-scale processes acting over a spectrum of temporal scales. For example, at a specific site, a regional i Now at Department of Earth Sciences, Syracuse University, Syracuse, New York.
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0148-0227/99/1999JD900501 $09.00 change in accumulation over multiple decades will also contain shorter-term fluctuations reflecting local surface processes that modulate deposition and preservation. In addition, the stratigraphic record is affected by the flow of ice, so that material at depth is slowly moved away from the original deposition site. This convolution is particularly evident if time series of annual accumulation rate are compared. Such records show large interannual variability owing to climate fluctuations and surface irregularities [Van der Veen and Bolzan, 1999] which may obscure significant changes in climate. To properly interpret accumulation records, it is important to recognize the various contributions to the record and to assess how representative the very local record encapsulated in a core with a typical diameter of-100 mm is for a larger region. Several studies have addressed this issue by combining spatial and temporal records [ None of the studies mentioned above addresses quantitatively the effects of large-scale topography on accumulation rate due to the interaction between winds in the surface layer and surface relief on the scale of a few kilometers or larger [Black and Budd, 1964; Gow and Rowland, 1965; Benson, 1971; Whillans, 1975] . Smaller surface features, such as sastrugi, are generally too small to affect near-surface winds. Moreover, these features are transient, with a typically short life span of the order of 1 year or shorter, and contribute to interannual variability in accumulation [Van der Veen and Bolzan, 1999]. In contrast, the larger-scale topographic relief may lead to longer-term trends in accumulation. For example, lowfrequency variation in net accumulation measured in the Dye 3 core in southern Greenland strongly reflects the undulating surface topography upstream of the borehole [Reeh et al., 1985] . The studies mentioned above advocate averaging over longer time periods to eliminate these topographic effects. In doing so, climatically significant effects may be eliminated from the record because topographic and climatic effects are superimposed and cannot be separated if only one core is considered.
To correctly interpret an ice core record, it is important to note that it may not reflect the in situ climate signal, unless the core is drilled at a stable ice divide. Elsewhere, the ice at depth will have originated as surface snow upstream of the borehole. Theoretically, surface topography leads to locally varying accumulation with above average snow deposition in areas where the large-scale surface slope decreases in the direction of prevailing winds [Whillans, 1975] and as the ice is moving, this spatial pattern is preserved in the ice core record. The picture may be further complicated because the prevailing wind direc- Recent emphasis on the reconstruction of high temporal resolution (annual to decadal scale) information from ice cores makes the issue of both regional and temporal representativity critical. Such assessments require comparison of multiple records from the same area; however, the expense of drilling long cores often results in the retrieval of only one core per drill site. South Pole Station is a notable exception, as there have been a number of ice cores drilled, surface snow accumulation has been measured intermittently since the International Geophysical Year (1957/1958), and, recently, Global Positioning System technology was used to map the surface topography. Here we examine the degree of correspondence between two annually resolved --900-year ice core records of accumulation and explore the processes producing their observed differences. This helps address the degree to which an individual ice core record can be expected to reflect large-scale processes such as a change in the regional precipitation regime. The average accumulation rate using dust is somewhat smaller (70 mm w.e./yr) than using depth hoar/coarse-grained equivalent layers (75 mm w.e./yr). Given the close proximity of the two records and the length of time considered (906 years), these averages should be the same. This is because the spatial pattern of surface accumulation is advected across both drill sites and preserved in the records with a time lag much smaller than the length of each record. Assuming that the EMT value is closer to the true average, a total of --70 years appears to be missing from the GOW record (in addition to missing years with zero accumulation). On the other hand, if the GOW average is more realistic, the EMT record must contain --64 years too man:•.
Summarizing, there are some possibly significant uncertainties associated with the timescales of both records. As a result, even the long-term average accumulation rate is not well constrained. It is not immediately obvious how these uncertainties affect the interpretation of the core records and their correlations. To evaluate the importance of these effects, the true accumulation history must be known, but this cannot be inferred from the records because of the unknown number of missing layers. However, the procedure may be reversed and "synthetic" records of accumulation can be analyzed.
The question to be addressed is how well the true accumulation signal is preserved in each core record. To investigate this, VAN Table   1 .
The correlation coefficients in Table 1 show that only a modest amount of smoothing is sufficient to bring out the actual accumulation signal. This is further illustrated by the two smoothed records in Figure 5 . Thus, despite considerable difficulties associated with establishing accurate timescales for ice cores, it appears that accumulation records derived from cores are safficiently well correlated with the true accumulation history to preserve the important trends. 
